ABSTRACT -Anthropic action, such as the soil use and management systems, promote changes in the soil structure. These changes might hamper the development of plants in soil management practices that involve its mobilization, and the negative effects might be increased due to intensive use. The aim of this study was to evaluate the physico-hydrical properties of a Haplohumox in integrated production systems under different soil managements. The soil superficial (0.0-0.10 m) and subsuperficial (0.10-0.20 m) layers were evaluated in the different systems: conventional tillage (CT), minimum tillage (MT), no-tillage (NT) and chiseled no-tillage (CNT), taking into consideration the annual ryegrass cropped for different uses [cover crop (C), grazing (G) and silage (S)] during the winter. Soil bulk density (Db), total porosity (TP), macro (Ma) and microporosity (Mi), water retention curves (SWRC) and water retention due to pore size (r) were determined. The annual ryegrass used as C produced lower Db and Mi and higher TP and Ma in CT, MT and CNT systems. No difference was verified between G and S in any of the management systems or soil layers. The superficial layer SWRC presented similar behavior regarding CT, MT and CNT. Under NT, C resulted in higher water retention. However, G and S provided higher water retention due to the pore size in this system. Key words: Haplohumox. No-tillage. Soil physical quality. Crop-livestock integration. Agriculture sustainability.
INTRODUCTION
The world population increase has led to the use of more modern technologies to produce food. As a consequence, the use of soil is intensified and makes it susceptible to degradation. Therefore, more sustainable productive systems, such as integrated production systems, which aim at higher economical efficacy and lower environmental impact, are necessary (DORAN et al., 1994; LAL, 1998) .
Among integrated systems, animal breed associated to grain production areas, called crop-livestock integration has been widely developed. However, cattle trampling often provoke negative changes to the soil structure, mainly in its superficial layer (DREWRY et al., 2008) . One alternative to reduce the trampling impact would be to cut the forage and feed it to the animals in the trough, as in the ensiling and haying. However, the pressure on the soil, through heavy traffic and the agriculture machinery mass in order to cut the plants might also result in soil compaction (BAVOSO et al., 2010) .
Agriculture sustainability does not depend exclusively on the soil; it also depends on soil management (DORAN et al., 1994; LAL, 1998) . Management systems affect the soil structure, and consequently, its porous space and physico-hydrical properties (BRONICK; LAL, 2005; LIPIEC et al., 2006) . Therefore, studies on the soil physical properties, related to its structure and water retention are relevant, mainly in conditions that involve higher intensification of soil use, as in the integrated production systems.
No-tillage (NT) has been a production system characterized by the absence of soil mechanic disturbance, soil permanent covering by crop residues and crop rotation which improve the soil structure (BETIOLI JÚNIOR et al., 2012) . However, not revolving the soil and exposing it to the machinery traffic in unsuitable humidity conditions result in its compaction, a problem which has been commonly reported in NT (BATEY, 2009; HAMZA; ANDERSON, 2005) .
In such context, the soil scarification has been presented as a soil and water conservationist technique in NT, originating the concept of chiseled no-tillage (CNT), which promotes improvement to the soil physical properties (CAMARA; KLEIN, 2005) . However, discussion has still been held about the persistence of the beneficial effects of this practice (GIRARDELLO et al., 2011) . Soil mobilization in NT through scarification is reduced when compared to other soil preparation methods, such as plowing and harrowing, used in conventional (CT) and minimum cultivation (MT) management systems (FALLEIRO et al., 2003) .
Despite the increase in soil macroporosity through the mobilization, either in CT, MT or CNT, the formation of compacted layers occurs after some time (REICHERT; SUZUKI; REINERT, 2007) , which alters the porous space and, consequently, water retention processes (LIPIEC et al., 2006) . Therefore, the soil physicohydrical properties might restrict plant development in soil management systems that involve its mobilization, resulting in higher negative effects. Taking that into consideration, the aim of this study was to evaluate the physico-hydrical properties of a Haplohumox in integrated production systems under different soil managements.
MATERIAL AND METHODS

Location, characterization and development of the experiment
The experiment was carried out in Castro/PR (latitude: 24°43'57" S; longitude: 49°57'41" W; altitude: 997 m), in a Haplohumox "Latossolo Bruno" by the Brazilian Soil Classification System, according (SANTOS et al., 2013) , whose chemical and granulometric properties prior to the experiment can be seen in Table 1 .
The climate in this region, according to the Köppen classification is Cfb, with the coldest month average temperature below 18 ºC and the hottest month below 22 ºC, with frequent frost events (mesothermal), mild summers and undefined dry season. The average annual rainfall is between 1600 and 1800 mm (IAPAR, 2009 ). In Figure 1 , it can be seen that since the experiment installation occurred water surplus, however, in the months of August and September, there was a large frequency of hydric deficit. The experiment was carried out in bands with treatment of subdivided plots, in four replications. The bands presented an area of 1200 m 2 (120 × 10 m) and the subplots 100 m 2 (10 × 10 m). The bands were under different management systems: conventional (CT), minimum tillage (MT), no-tillage (NT) and chiseled no-tillage (CNT). In the sub-plots, the annual ryegrass use was cropped as follows: cover crop (C); grazing (G) and silage (S).
Soil preparation operations, from the beginning of the experiment were carried out prior to the winter crop sowing, annually under CT and MT and every two years under CNT. In the CT only one plowing was carried out at 0.20 m, with a disk plow, followed by two harrowing - Cuts for silage or grazing started when the annual ryegrass reached around 0.30 m height. Plant cuts for the pre-dried silage were carried out at 0.10 m high with an ensiling machine. The continuous grazing system was adopted with loading rate of 1,350 kg ha -1 of live weight, and 7 days occupancy time or until the forage residue reached 0.10 m high. After the last cut and grazing the forage was stockpiled for a period of 20 days and then desiccated for the next crop (maize) sowing.
Sampling, analyses and data adjustment
In October 2012, after the annual ryegrass phytomass management, undisturbed soil samples (0.0-0.10 m and 0.10-0.20 m) were collected in stainless steel volumetric rings ( 0.05 × 0.05 m -external diameter and height) aided by a Uhland sampler. Five pseudo-replications were collected in the subplots of the one of the experiment replications, with the aim to reduce the spatial variability of soil properties due to the experimental area size.
Disturbed samples were collected from the same layers near the undisturbed sample collection area with the aid of a soil auger. These samples were then submitted to analyses: granulometric (hydrometer method), particle density (pycnometer method) (DANE et al., A. C. Auler et al. 2002) and organic carbon (OC) (Walkley-Black method) (CANTARELLA et al., 2001) .
After thorough preparation, the undisturbed samples were saturated by the capillarity rise method and submitted to the matric potential ( m) from -1 to -10 kPa, on a tension table to assess the partial water retention curves (SWRC). After drying ( From the SWRC data, graphs regarding the water retention for different pore sizes (Equation 4) were also created. Water retention was calculated by subtracting the water content total porosity for the different potentials used in the SWRC construction. Equation 4 was used to obtain the pores radius:
where r represents pore size in µm and h the matric potential in cm of water column.
Statistical analyses
A totally randomized experiment statistical model was employed with treatment in split-splot bands, considering the management systems in the bands and the annual ryegrass management in the subplots, for analysis of variance. The residue normality and homoscedasticity assumptions were verified employing the Shapiro-Wilk and Bartlett tests, respectively. Whenever necessary, the Tukey test was applied to compare the averages. All interfering procedures were carried out considering the 5 % level of significance. Statistical analyses were processed aided by the software R, version 3.0.2 (R CORE TEAM, 2013).
RESULTS AND DISCUSSION
Bulk density, total porosity, and soil microporosity and macroporosity Db, TP and Ma in the superficial layer (0.0-0.10 m) were influenced by the soil management systems, by the annual ryegrass use and their interaction (Table 2) . No differences were observed for Db, TP and Ma between the annual ryegrass use for grazing and silage in any of the management systems. However, in NT the use as cover did not differ from the grazing or silage (Figures 2a, 2c and 2e ).
Db, TP and Ma in the superficial layer showed no differences between the annual ryegrass different uses only in NT and, for the other soil management system, grazing and silage were higher for Db and lower for TP and Ma (Figure 2 ), which might be a result of: (i) higher pressure on the soil due to heavier machinery traffic to produce the silage (FREDDI et al., 2007) ; (ii) animal trampling during grazing practices (BELL et al., 2011; DREWRY et al., 2008) ; and (iii) reduced soil preparation in NT (REICHERT; SUZUKI; REINERT, 2007; VEIGA et al., 2007) .
In NT there is higher OC accumulation in the surface, positively influencing the soil structure (BRONICK; LAL, 2005). Silva et al. (2006) observed the negative correlation between OC content and Db and the positive one with TP in a sandy-clay-loam Alfisol under different uses and management. However, when compared to the management systems for the annual ryegrass as cover crop, it can be seen that NT, with higher OC content (Figure 3g ) represented higher Db and lower TP and Ma in its superficial layer (Figure 2a, 2c and 2e) . In this case it is likely that the increase in Db and decrease in Ma reduced the soil aeration condition, decreasing its microbial activity and consequently the residue decomposition, which in turn resulted in OC accumulation (BATEY, 2009; COSTA et al., 2009) . The sub-superficial layer (0.10-0.20 m) Db, TP and Ma differed significantly only for the annual ryegrass use as cover crop. For this use of annual ryegrass, CNT and MT presented the lowest and the highest Db, respectively. NT and CT did not differ one from another. However, NT was different from CNT and CT from MT (Figure 1b ). An inverse Db relation was obtained in TP in this layer (Figure 2d ). For Ma, MT and NT there was no difference and these were lower than CNT. For this variable, CT was similar as the other management systems (Figure 2f ).
Considering that CT and MT presented similar soil mobilization, even though it was minimal, the more likely reason for the difference found between these systems is the cut depth during soil preparation. The plowing operation employed in CT promotes the soil superficial layer inversion, while harrowing in MT only mobilizes the surface (FALLEIRO et al., 2003) . Thus, in MT the formation of compacted layers in the surface have outstood, which increased Db with consequent TP reduction (REICHERT; SUZUKI; REINERT, 2007) .
There were also differences in Db and TP (0.10-0.20 m) in the management systems which promoted lower soil mobilization (NT and CNT). Db and TP in NT are a consequence of the pressure on the soil produced by crop management practices along the years of cultivation (BATEY, 2009; HAMZA; ANDERSON, 2005) . For CNT, in which there was soil mobilization at 0.25 m depth, there was reduction in Db and increase in TP (Figure 2b ).
The sub-superficial layer Db, TP and Ma regarding annual ryegrass uses in CT, MT and NT did not present difference. In CNT the highest and lowest Db were obtained with annual ryegrass used as grazing and cover crop, respectively, while the silage annual ryegrass was equal to those uses (Figure 2b ). TP did not differ between the annual ryegrass uses for grazing and silage and, these were lower than the cover one (Figure 2d ). This layer Ma had an inverse Db relation, that is the use of annual ryegrass as cover crop and grazing resulted in the highest and the lowest Ma, respectively, and the use as silage was similar to them (Figure 2f ).
Such results indicate that the animal trampling, mainly, and machinery traffic on the soil in CNT altered its sub-surface structure. It is important to highlight that the results of soil management systems resulting from animal trampling, obtained in this work, are different from what has been commonly reported in the literature (BATEY, 2009; BELL et al., 2011; DREWRY et al., 2008; HAMZA; ANDERSON, 2005; KUNZ et al., 2013; S I LVA et al., 2011) , revealing the need for studies on soil management in integrated production systems. The superficial layer Mi was not affected by the soil management system, but it was mainly by the annual ryegrass use and, in lower proportion, by its interaction with the management system ( Table 2) . Regarding the uses, there was no difference between grazing and silage, and these were higher than those for cover crop in the management systems which involve higher soil mobilization (CT and MT). In NT and CNT systems, there was no difference in the superficial layer Mi when the annual ryegrass uses were taken into consideration. However, Mi presented differences regarding the annual ryegrass use as cover crop, in which in NT it was higher than in CT and MT while in CNT it was the same as the other systems (Figure 2g ). Management systems, annual ryegrass uses and the interaction between them did not influence the sub-superficial layer (Table 2) . Lanzanova et al. (2007) verified the absence of changes in Mi in an Alfisol clay-loam under different grazing intensity in NT. Viana et al. (2011) obtained similar results in a sandy-loam Oxisol for different soil uses. Therefore, results obtained in this work reinforce that Ma is the TP fraction more susceptible to changes in the soil use and management, mainly due to the increase in Db. This effect can be ascribed to the fact that Mi suffers very little influence of the Db increase, but is strongly influenced by the OC content and texture (SILVA; KAY, 1997).
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Water retention in the soil
Water content, in high m, in the superficial layer (0.0-0.10 m) regarding CT, MT and CNT systems was higher when the annual ryegrass was used as cover crop (Figures 4a, 4c and 4g) . Results related to higher TP and Ma and lower Db were obtained in this use of annual ryegrass (Figures 2a, 2c and 2g) . In a completely saturated soil s=TP is found (DANE et al., 2002; MACHADO et al., 2008; MICHELON et al., 2010) . Depending on the soil pore distribution, which is related to its structure and texture, the SWRC inflection point will present distinct values. This inflection point can be related to the parameter n in the van Genuchten (Table 3) .
In CT, NT and CNT (0.0-0.10 m) it was possible to verify very little differences in SWRCs for the m different values (Figures 5a, 5e and 5g ). This shows that the annual ryegrass used as grazing and silage provokes the same effect in terms of water retention in these systems. In MT the same effect is observed only for the highest potentials, with great difference from -10 kPa. This result can be ascribed to the basically equal Db, TP, Ma and Mi values (Figures 2a, 2c , 2e and 2g) and the clay content that influences water retention in the low m region (Figure 2e ) (MACHADO et al., 2008; MICHELON et al., 2010) .
However, the use of annual ryegrass as cover crop presented important differences in water retention along the whole SWRC (Figures 5a, 5c, 5e and 5g ). This result is directly related to differences in the physical properties analyzed for the use of annual ryegrass as cover in relation to other uses and as a result of higher OC content (Figures 2a, 2c, 2e, 2g, 3e and 3g) (MACHADO et al., 2008) .
A. C. Auler et al. Annual ryegrass used as cover also presents higher difference between water contents in higher and lower m in CT, MT and CNT (Figures 4a, 4c and 4g) . This indicates higher amount of water available to the plants in this annual ryegrass use in relation to the remaining ones (Figures 6a, 6c and 6g ).
Considering the amount of water retained in the soil as a function of pore size up to about m -33 kPa (Figure 6 ), in the superficial layer, it is possible to see that NT under cover crop (Figure 6e ) was the one that presented the worst results for all pore sizes under analysis. TP and Ma reduction might help to explain this result (Figures 2c and 2e). However, in other systems this use was the one that presented the best results as it was previously mentioned due to Db, TP and Ma values (Figures 2a, 2c and 2e ).
In the sub-superficial layer (0.10-0.20 m), all annual ryegrass uses presented similar behavior regarding water retention in MT and mainly CNT (Figures 4d and 4h) . Most visible differences occurred between C-G and G-S (Figure 5d ) at the lowest m in MT. Water retention values near saturation in these two systems were basically the same in all soil uses, which is in agreement with TP values in MT and CNT (Figure 2d ). In the SWRC region, in which the soil structure is important, this similarity in SWRC was even more noticeable, this result A. C. Auler et al. is related to Ma and OC (Figures 2f and 3h) . Values around Mi also helped to explain the water retention in regions of lower m (Figure 2h ).
Annual ryegrass used as silage was the one that presented slightly higher water retention for the different pore sizes analyzed when compared to the other uses in MT (Figure 6d ). This result is related to the amount of water available to the plants and is similar for all annual ryegrass uses in this management system (Figure 4d ). In CNT higher water retention is observed when annual ryegrass is used as cover crop when compared to the other uses (Figure 6h ). This result indicates that this use of annual ryegrass might provide better soil structure conditions in terms of water retention to the sub-superficial layer.
In CT, there is higher water retention in macropore related potentials when annual ryegrass is used as grazing and the lowest retention occurs when annual ryegrass is used as cover (Figure 4b ). When the potentials became smaller there was an inversion in the SWRC behavior (Figure 5b ). However, when the physical properties measured are analyzed (Figures 2 and 3 ) no differences are seen that can explain the water retention behavior in SWRC. However, in CT and grazing there might be the occurrence of biopores due to the forage root growth resulting from the animal grazing practice on the soil sub-superficial layer (CARVALHO et al., 2010) . The appearance of these biopores might be an explanation to the results observed in this use of annual ryegrass.
Regarding water retention for different pore sizes, what was observed in CT was higher retention when annual ryegrass was used as grazing, followed by silage and cover crop (Figure 6b ). The cover crop in this management system presented the lowest water retention and this is evidenced by the smallest differences observed between s and r in SWRC (Figure 4b ). Differences in water retention were more noticeable when the soil pores became smaller, this is due to the differences in water retention for the lowest m values between C-G (Figure 5b ).
Finally, NT presented the highest water content values when the annual ryegrass was used as cover crop for the whole SWRC in relation to the remaining uses (Figure 4f ). When annual ryegrass was used as silage or grazing the water content values were basically the same for the macropore region differing in the micropore region (Figure 5f ). These water retention results are not directly related to TP, Ma, clay content or OC content in this management system (Figures 2d, 2f, 3f and 3h ).
Regarding water retention in different pore sizes when the annual ryegrass was used for grazing and silage presented the highest retentions in NT (Figure 6f ). The cover crop presented the lowest retentions. However, in SWRC the cover presented higher water content for different m (Figure 4f ), differences between s and r were smaller in this use of the annual ryegrass. However, when the pores became smaller there was higher approximation in water retention between the annual ryegrass different uses.
CONCLUSIONS
1. The intensive use of the soil for the production of anual ryegrass as silage or grazing compared to the use as cover crop, independently of the intensity of soil preparation operations under different management systems (conventional, minimum tillage and chiseled no-tillage), promoted negative effects in the soil bulk density, total porosity and macroporosity;
2. In the case of the no-tillage management system, mainly at the superficial layer (0.0-0.10 m), was observed that independent of the use of the ryegrass (silage, grazing or cover) compressive processes promoted increases in its soil bulk density, and, consequently, decreases in its total porosity and macroporosity;
3. For the Haplohumox studied, the water retention suffered more influence of the intensity and the form of the soil preparation opperations than the ryegrass use. However, due to the soil compression, the ryegrass use as silage or grazing promoted an increase in water retention, mainly for conventional and no-tillage management systems.
